2. Experimental Silica particles used in this study were prepared by the procedure which we previously reported.5),6) Silica particles obtained were monodispersed with the averaged diameter of 170nm. A mixture of H2O and C2H5OH, the molar ratio of which was 1/4, was used as a dispersion medium of the particles. The amount of silica particles added was fixed to be 1mass% and that of PEI ranged from 0 to 1.00mass% in the medium. The total weight of the mixture was 70g. The mixture was well stirred with a magnetic stirrer and ultrasonication. Dilute nitric acid was used to control pH of the mixture. Silica suspension obtained was used as a coat ing sol for electrophoretic deposition. A stainless steel sheet (SUS430) was used as a coating electrode and a stainless steel wire (SUS304BA) was used as a counter electrode. Electrophoretic deposition was carried out by applying 40 V. The weight of the silica films deposited was measured by a micro-balance (Mettler M5SA). The diameter and zeta potentials of the silica particles were measured by using an instrument for particle size and for zeta potential measure ments (Malverm Instrument Ltd., Zetamaster). The dy namic light scattering system was adopted for the measure ment of the particle size in the coating sols and the laser dop pler system was used for the measurement of zeta poten tials of the particles. Observation of the microstructure for the surface and the cross section of the thick silica films was performed by a scanning electron microscope (SEM; JEOL, JSM-5300). The thickness of the films was also esti mated by the SEM observation of the cross section. Figure 1 shows the weight of the silica particles deposit ed on an anode or a cathode as a function of deposition time for the amount of PEI added of 0 (open circles) and of 0.01 (closed circles) mass%. The weight of the silica particles deposited on the anode is denoted in the right axis and that on the cathode in the left axis. No silica particles were deposited on the cathode unless PEI was added and no parti cles were deposited on the anode when 0.01mass% PEI was added. The value of pH of the dispersion medium was adjusted to be 6. Without PEI, small amounts of silica parti cles were deposited on the anode. However, large amounts of silica particles were deposited on the cathode when 0.01 Preparation of Thick Silica Films by the Electrophoretic Sol-Gel Deposition Using a Cationic Polymer Surfactant mass% PEI was added, indicating that the surface charge of silica particles was inversed from negative to positive by the addition of cationic surfactant PEI. The insert shows the zeta potentials against pH of dispersion water for the sil ica particles used. Since the isoelectric point of the silica particles is about pH 2.5, the negative charge of the parti cles in the dispersing water is relatively large at pH 6. Without PEI, negatively charged silica particles were deposited on the anode at pH 6, as shown by the open cir cles in Fig. 1 . Since PEI in the coating sols is protonated and therefore positively charged at pH 6, PEI is considered to be strongly adsorbed on silica particles by electrostatic at traction. As a result, silica particles migrated toward the cathode and brought about a large amount of deposition, as shown by the closed circles in Fig. 1 . The weight of the silica particles deposited is maximized at pH 5. The decrease in weight of the particles at pH<5 is due to the smaller negative charge of the silica particles as pH of the coating sols becomes smaller, as shown in the in sert of Fig. 1 . As a result, it becomes difficult for the posi tively charged PEI to be adsorbed on the particles. On the other hand, the weight is gradually decreased at pH>5. Since the degree of protonation of PEI is reported to be zero at pH 10.8,4) these decrease is due to the smaller ex tent of protonation of PEI as pH of the coating sols becomes larger. At pH 5, thus, the protonation and adsorption of PEI are both good for obtaining large amounts of silica particles deposited on the cathode. The weight of the silica particles deposited on the cathode increases drastically with the addition of 0.01mass% PEI. Further addition of PEI brought about a steep decrease of weight at 0.10mass% PEI added. The weight is then grad ually increased again by adding 0.50mass% PEI. Finally, the weight of the silica particles deposited on the cathode decreases again with 1.00mass% PEI. Precipitation of sili ca particles was observed at the bottom of dispersion vessel for the sols containing 1.00mass% PEI. The first drastic in crease of weight must be caused by the adsorption of cation ic PEI on silica particles and the decrease at the last stage must be caused by the precipitation of the particles in the coating sols. However, much more detailed explanations Figure 4 shows the weight of the silica particles deposit ed on the cathode per coulomb, which is obtained by divid ing the total weight deposited y the total electricity sup plied. The electricity supplied on 5min deposition is also shown by open squares. The coulombic efficiency is max imized when the amount of PEI added is 0.01mass%. This is consistent with the result that the weight of the silica par ticles deposited on the cathode is maximized at 0.01mass% PEI as shown in Fig. 3 . More than 0.01mass% PEI results in the monotonous decrease in the coulombic efficiency, which is caused by the generation of H2 gas at the surface of the cathode. Particularly, the decrease of coulombic efficien cy is quite steep from 0.01 to 0.10mass% PEI, which caused the steep decrease of the weight in the composition region from 0.01 to 0.10mass% in Fig. 3 . When more than 0.10mass% PEI is added, no more decrease of the weight was observed in Fig. 3 , which is due to the slight decrease of coulombic efficiency in Fig. 4 . An increase of total elec tricity due to the increase of PEI as a supporting electrolyte leads to the increase of the weight deposited on cathode from 0.10 to 0.50mass% PEI in Fig. 3 . Figure 5 shows the size distribution of the silica particles in the coating sols. When the amount of PEI added is 0.01, 0.10 and 0.50mass%, the distribution of diameter is rela tively sharp and the averaged diameter of the particles is about 170nm. However, when PEI added is 1.00mass%, a broader peak is observed with averaged diameter of 260 nm. Thus silica particles are well dispersed in the case of PEI added less than 0.50mass% because the silica particles used in this study was originally 170nm in diameter as described in the experimental section. In contrast, silica par ticles are aggregated in the sols with 1.00mass% PEI, This result agrees with the fact that silica particles were precipi tated and the weight decreased when PEI added was 1.00 mass% as shown in Fig. 3 . Deposition time was 5min and PEI added was 0.01mass%.
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